Abstract. We present a hybrid microtextured surface with heterogeneous hydrophilichydrophobic regions for condensing water vapor while maintaining anti-wetting behavior. Fluid dynamics videos are shown demonstrating the difference between condensation on a homogeneous hydrophobic structure and the same structure with hybrid wetting regions.
Brief Explanation of Video Submission
It is well-known that superhydrophobic surfaces are able to resist wetting, either by sessile drops or by drops impacting with an appreciable velocity. This anti-wetting behavior is possible due to the roughness features of the surface, which are able to support drops in a superhydrophobic Cassie state. In this state, the drops rest on the tops of the roughness features, with a vapor layer remaining between the drop and the surface.
This superhydrophobic Cassie state is difficult to maintain during condensation. Water droplets will commonly nucleate and begin growing within the roughness features. As the condensation process proceeds, small, nucleated droplets grow and coalesce into neighboring drops so that when the drop has grown to macroscopic size, it is in a highly-pinned Wenzel state. These drops are difficult to remove, and thus the anti-wetting properties of the surface are lost. The video shows a surface patterned with 10 µm square silicon microposts with a height of 10 µm, coated in fluorosilane with an intrinsic contact angle of 120 • . The surface is exposed to water vapor at 2.4 • C and 800 Pa.
If a surface is patterned with distinct hydrophilic and hydrophobic areas, the condensation process proceeds differently. In this case, nucleation and growth occurs preferentially on the hydrophilic areas, while the hydrophobic areas experience little to no nucleation or growth of droplets. On a smooth surface, this effect is quite evident in the rapid growth of droplets onto hydrophilic areas as compared to hydrophobic areas. When applied to a structure with a micropillar texture, the tops of the pillars can be rendered hydrophilic so that they experience preferential condensation. Nucleation occurs at the tops of the posts more readily than within the posts, so that drops do not grow within the roughness features. Instead, the condensed drops remain only at the tops of the posts, leading to a superhydrophobic surface that retains anti-wetting behavior even under condensation.
